Spectrum of masses of light pseudoscalar (π, K, η, η ′ ) and vector (ρ, K * , ω, φ) mesons can be explained on the base of the following assumptions: (1) analytical confinement (propagators of quarks and gluons are entire analytical functions of the Gaussian type), (2) mesons are bound states of quark and gluons (the Bethe-Salpeter equation in the one-gluon exchange approximation) and (3) QCD coupling constant α s (M ) is a monotone decreasing function of mass of a bound state M .
Introduction
At present time Quantum Chromodynamics (QCD) is considered as the true theory which control the behavior of quark and gluons as "bricks" of hadron matter. Due to the confinement phenomena in experiments we observe colorless hadrons as bound states of quarks and gluons. Up to now a rigorous analytical solution of the problem of confinement and hadronization of quarks and gluons into hadrons is still missing. Therefore effective phenomenological and semi-phenomenological approaches based on QCD are developed to derive non-trivial statements about hadronic processes. Because dynamical mechanism of transformation of quarks and gluons into hadrons is not clear now the conception of quark and gluon structures depends on physical context under consideration and the aim of all theoretical approaches claiming to be obtained from "the first principles" of QCD is to find processindependent concepts using symmetry and group arguments (chiral, flavour, anomaly, mixing and so on) in order to get possibilities to compare different characteristics of physical processes (there is huge literature on these problems, see, for example, [1, 2] ).
We would like to stress that the application of methods of quantum field theory can be successful if (1) propagators of interacting particles are known and (2) the effective coupling constant is small. Namely this situation takes place in the standard model of electro-weak interactions. What have we in the QCD as theory of "strong interactions"?
From physical point of view it is evident that processes of hadronization and confinement of quarks and gluons take place in the same space-time region, however the behavior of quarks and gluons in this confinement region is not known and, from our point of view, namely this circumstance is the main reason why QFT methods can not be applied directly. From our point of view if the behavior of quarks and gluons is known in the confinement region and the coupling constant is small enough, we will succeed in analytical solution of hadronization problem.
The idea to get the quark propagator in the confinement region is not new. The Schwinger-Dyson equation is the main tool to calculate this propagator (see, for example, [3, 4, 5] ). However the theoretical problem is what quarkgluon vertex and what gluon propagator should be used in this equation and then what computing methods should be applied to get the solution of this equation. As a result calculations become to be very cumbersome and opaque (try to repeat these calculations!).
The confinement is generally accepted to be a result of nonperturbative nonlinear interactions of gluons in QCD. This idea plus the Wilson loop confinement argumentation are used to reduce the relativistic hadronization problem to a stationary Shrödinger picture with an increasing potential. Thus confinement is a static picture, i.e. there exists a constant in time potential which keep two quarks together. Conception of the confinement of one isolated quark is not formulated at all.
Our point of view (see [7] ) is that the cause of confinement is instability of bosons in a homogeneous self-dual vacuum field. In particular in the quantum electrodynamics confinement can not take place because all fundamental particles (leptons and baryons) are fermions. In QCD gluons (bosons!) owing to nonlinear self-interaction play double role -they transfer the interaction as photons in QED and play role of real particles-bosons with zero mass. Namely massless gluons being bosons leads to instability of QCD-vacuum which is realized for a nonzero homogeneous self-dual vacuum gluon field which in turn leads to analytical confinement quark in this vacuum field. Thus from our point of view the initial "free" quark-gluon Lagrangian should contain this field and propagators of quarks and gluons described by this "free" Lagrangian should satisfy the confinement criterion. Physically analytical confinement means that quarks and gluons are fluctuations in space and time. Space-time scale of these fluctuations is defined by the strength of vacuum gluon field Λ.
The second question, what is the QCD coupling constant in the confinement region, i.e. for low energies E ≤ 1 Gev? Usually coupling constant is supposed to be constant in this region although this statement is not completely consistent with general behavior of the running QCD coupling constant. Various investigations result in a remarkable variety of its infrared behavior (see [6] ), so that this question can be considered to be open. Thus the unique answer this question is not yet exist, so that some speculations can be done.
The main subject of this paper is the spectrum of masses of light pseudoscalar (π, K, η, η ′ ) and vector (ρ, K * , ω, φ) mesons. The aim of modern theoretical approaches is to get correlations between masses, i.e. so called mass formulas on the base of symmetry arguments (see, for example, [1] ). Our point of view if the propagators of quarks and gluons are known in the confinement region and the QCD coupling constant α s (M) is small enough, then the Bethe-Salpeter equation can be used to calculate desired masses.
The main result of this paper is that mass differences in pseudoscalar and vector multiples can be explained on the base of the following assumptions: (1) analytical confinement (propagators of quark and gluons are entire analytical functions of the Gaussian type), (2) mesons are bound states of quark and gluons (the Bethe-Salpeter equation in the one-gluon exchange approximation) and (3) QCD coupling constant α s (M) is a monotone decreasing function of mass of a bound state M.
Our approach is based on the following statements
• The methods of Quantum Field Theory can be used, it means that weak coupling constant regime should take place and perturbation calculations can be applied.
• Our guess is that the selfdual homogeneous gluon fields with a constant strength is a good candidate to realize the vacuum QCD. In this fields analytical confinement takes place, i.e. propagators of quarks and gluons are entire analytical functions in the p 2 complex plane.
• If propagators of constituent particles are known and coupling constants are small enough bound states can be found as solutions of the Bethe-Salpeter equation in the one-gluon exchange approximation.
• The variation of the QCD coupling constant α s (M) in the low energy region M ≤ 1 Gev should be taken into account.
Our aim is to understand the general features of spectrum of light mesons in the most simple dynamical way so that we want to simplify the problem as much as possible. The first observation is that the quark and gluon propagators can be approximated by virton fields, i.e. by pure Gaussian exponents. Besides solutions of the Bethe-Salpeter equation in this case can be found in the explicit analytical form, so that qualitative characteristics of the mass spectrum can be understood more profoundly (see [11] ). The second observation is that for light quarks located in a selfdual homogeneous gluon fields with a constant strength the main contribution into quark propagators comes from so called zero modes. We show that these two points defines main features of light meson spectrum.
Thus our formulation of the problem looks:
Does it exist a reasonable form of propagators of quarks and gluons induced by the behavior of constituents in a selfdual homogeneous gluon fields with a constant strength and the QCD coupling constant α s (M) in the region M π ≤ M ≤ M η ′ for which one can obtain the masses of pseudoscalar and vector mesons ?
2 Lagrangian and propagators.
Our basic assumption is that the QCD vacuum is realized by a self-dual gluon field with constant strength
Here n a is a constant vector in color space. The parameter Λ defines the confinement scale and
The fieldB µ (x) satisfies the Yang-Mills equations. The standard QCD Lagrangian in this field looks like
The part of the QCD Lagrangian which is responsible for meson hadronization can be written in the form
where the quark field q(x) = q f aα (x) has indexes f − flavor SU f (3), a − color SU c (3), α − spin and the gluon field g aµ (x) has a − color SU c (3), µ − vector.
The quark flavor spinor can be represented as
Quark propagator in the self-dual homogeneous gluon vacuum field is the solution of the equation (see details in [9] )
It has the form
The gluon propagator is obtained in [10] . We do not show it here because formula is quite cumbersome. We shall use the rough approximation of propagators preserving the main their features. The quark propagator having the Gaussian form and "zero mode" behavior for small quark mass ∼ 1 m is chosen in the form
The gluon propagator is chosen in the form
This rough choice of the quark and gluon propagators (5) and (6) is defined by the unique reason only: the Bethe-Salpeter equation can be solved analytically in this case and we get simple analytical formulas for the meson spectrum (see also [11] ).
One-gluon exchange
In one-gluon exchange the four-quark interaction Lagrangian is
In order to go to colorless quark currents the Fierz transformations should be done
• Color transformations
Then for the four-quark interaction Lagrangian with pseudoscalar and vector colorless quark currents we get where
The ideal mixing angle is
• Pseudoscalar nonet is defined as
Vector nonet is defined as
4 Solution of the Bethe-Salpeter equation
The solution of the Bethe-Salpeter equation is reduced to the following variation problem (see [12] )
Here
To solve the variation problem (12) we choose the test function in the form
Then we get
Let us define the vertex function
The variation problem (12) is reduced to
Let us consider
We get
The point a max (A) is defined by one of three roots of variation equation which is the algebraic equation of the third oder max a a (1 + a)(3 + a)
and can be found in the explicit form
Thus the eigenvalues of the Bethe-Salpeter equation can be written in the explicit analytical form.
For pseudoscalar mesons one can get
where
For vector mesons we get
Masses of pseudoscalar and vector mesons
The experimental masses of pseudoscalar and vector mesons are (in Mev)
We have four free parameters
where Λ characterizes the confinement scale, m u = m d and m s are quark masses, θ is the mixing angle.
The eigenvalues of the Bethe-Salpeter equation on the masses of our mesons look like
and these eigenvalues should satisfy the equations
We suppose that there exists the coupling constant α s (v), where α s (v) is a monotone decreasing function and in the points v P and v V this function satisfies
We consider that the experimental masses of pseudoscalar and vector mesons are fixed by (20). The problem is to find the parameters Λ, m u , m s , θ in such a way that a monotone decreasing function R(v) should be smooth as much as possible and satisfy (24). In our examples we have selected these parameters by eye and then have used the "Mathematica" program
for some n. Thus the coupling constant can be calculated
6 Effective coupling constant and meson currents.
The eigenvalues of the Bethe-Salpeter equation are the polarization operators of corresponding mesons. Let us consider the pseudoscalar mesons. We have
The kinetic term in the effective Lagrangian of pseudoscalar mesons looks in a vicinity of the mass shell
where the renormalization of the meson field is done
Here the constant of renormalization is
The renormalization of the meson fields leads to the renormalization of the coupling constant and therefore to the renormalization of the vertexes which determine the binding of the meson fields with the quark currents.
For the vertex the renormalization leads to
The interaction Lagrangian of the pseudoscalar meson P with quarks is
with an appropriate matrix λ P .
7 The decay constants f P
The decay constants f P are defined by the matrix elements 
Thus the simple form of quark and gluon propagators gives qualitative correct results, so that we can say that the structure of the quark-gluon interaction in the confinement region is guessed correctly. Besides we want to stress that relativistic scheme of hadonization was used and this scheme is very far from nonrelativistic potential picture.
Another point is to connect the behavior of the coupling constant α s
in the region M ≤ 1000 Mev with known behavior in the region M ≥ 1000 Mev to compare with available results [6] . This work was supported by the grant RFBR 04-02-17370. 
